The molecular size of poly I.poly C required for lysis of interferon-treated L cells was the same as the size required for induction of interferon in these cells. The size requirement for both interferon induction and toxicity for interferon-treated L cells resided in the poly I strand, while variations of the poly C strand size were without effect on interferon induction or cell lysis.
INTRODUCTION
We have shown that interferon-treated cells are more susceptible than normal cells to the toxicity of double-stranded ribonucleic acids (Stewart et aL I972a, I973 b) and that the toxicity of various natural and synthetic double-stranded ribonucleic acids for interferon-treated cells appears to correlate with the relative activities of these molecules as interferon inducers (Stewart, De Clercq & De Somer, I973 a) . Since several workers have found that reduction of the molecular size of the double-stranded ribonucleic acid complex polyriboinosinic acid. polyribocytidylic acid (poly I.poly C) below a critical molecular size of approx. 5 S (De Clercq, 1973) is accompanied by nearly linear decreases in induction of antiviral activity and interferon (Lampson et al. I97O; Tytell et al. I97O; Niblack & McCreary, I97I ; Mohr, Brown & Coffey, I972; BIack et al. I973) , the present studies were undertaken to determine whether decreasing the molecular size of poly I. poly C complexes would give corresponding losses of toxicity of the double-stranded ribonucleic acids for interferon-treated cells.
It has also been reported that the antiviral and interferon-inducing activity of poly I. poly C depends more upon maintaining a high tool. wt. of poly I than of maintaining the size of poly C (Tytell et al. 197o; Carter et al. I972; Mohr et al. 1972) . Therefore, studies were also undertaken to determine the relative importance of the size of each of the homopolymers for toxicity in interferon-treated cells.
Additionally, interferon-primed cells have been shown to respond to concentrations of poly I.poly C that were too low to induce interferon production in normal cells (Stewart, Gosser & Lockart, I97I a, b, I972b; De Clercq, Stewart & De Somer, I973a) . Also, primed L cells respond to poly I. poly C in the absence of DEAE-dextran, while unprimed L cells (Rosztoczy, I97I ; Stewart et al. I972a ) . These findings, showing that primed cells have lower thresholds for interferon stimulation by poly I. poly C than do normal cells, suggest that primed cells might be stimulated to produce interferon by exposure to poly I. poly C complexes that are too small to induce interferon in normal cells. This would suggest that primed cells have different structural requirements for interferon induction than do normal cells. Studies were, therefore, undertaken to compare the molecular size requirements for interferon induction by poly I.poly C in primed and normal cells.
METHODS

Cells and virus.
Monolayer cultures of Lpa cells or L 929 ceils, the source of which has been described elsewhere (Stewart et al. I97I a), for use in experiments were prepared by inoculating 60 mm plastic plates with approx. ~o ° cells in 3 ml of growth medium (GM) consisting of Eagle's minimal essential medium supplemented with ~o ~ bovine serum and antibiotics. Monolayers were near confluency after overnight incubation in 5 ~ CO2 atmosphere at 37 °C, at which time they were used. Primary cultures of rabbit kidney (PRK) cells in 60 mm plastic plates, prepared by standard procedures, were grown in GM and were used when confluent after 4 days of growth. Vesicular stomatitis virus (VSV), strain Indiana, was propagated in BSC-I cells.
Interferon assays. Monolayer cultures of mouse L 929 cells were incubated overnight with 2 ml of serial 0-5 loglo dilutions of mouse interferon preparation, two cultures/dilution. Media were then aspirated and o'5 ml of VSV suspension containing about ioo p.f.u, was added. After I h at 37 °C, inocula were replaced by 3 ml of overlay medium. Plates ~were then incubated at 37 °C for 48 h, at which time plaques were counted and 50 ~ plaquereduction end-points (PDDs0-VSV) were approximated to nearest oq logx0 by intersection of an interpolated line from plotted points. Rabbit interferon was assayed by reduction of c.p.e, in PRK cultures infected with VSV.* Reagents. Polyriboinosinic acid (poly I) and polyribocytidylic acid (poly C) with sedimentation values (s20,~) of Iz'5, to.6, 7"94, 6"I3, 4"39 and 2. 5 for poly I and 13"2, IO'5, 8"29, 5"94, 3"88 and 3"08 for poly C were purchased from P-L Laboratories, Milwaukee, Wisconsin. Complexes were prepared as previously described (Stewart et al. I973a ).
Mouse interferon was prepared in L 929 cell cultures as previously described (Stewart et al. I97 r a). Rabbit interferon was prepared in PRK cultures inoculated with poly I. poly C.
RESULTS
Comparisons of the molecular sizes of poly I.poly C required for toxicity and for interferon-induction in interferon-treated cells
Several workers have found that reduction of the molecular size of poly I. poly C leads to graded decreases in its antiviral and interferon-inducing activity (Lampson et al. ~97o; Tytell et al. I97o; Niblack & McCreary, I97I; Mohr et al. ~972; Black et al. I973 ). Since we have previously reported that the abilities of various double-stranded ribonucleic acids to induce interferon appeared to correspond to their abilities to lyse interferon-treated cells (Stewart et al. ~973a, b) , the reduction of molecular size of poly I.poly C below the range required for interferon induction might be expected to also diminish the ability of the complex to lyse interferon-treated cells, if the interferon-inducing and lytic properties of the double-stranded molecules have the same structural requirements. Therefore, we determined * Antiviral units of mouse interferons are equivalent to approximately 2 mouse NIH-research reference units; rabbit interferon titres are expressed in NIH reference units. 
Molecular size requirements of poly I.poly C for interferon induction and for toxicity in interferon-treated Lpa cells
Relative importance of molecular sizes of &dividual homopolymers.for ability of poly I.poly C complexes to induce interferon or lysis in interferon-treated Lpa cells
Interferon pre-treatment the threshold size of complexes of poly I and poly C required for interferon induction in interferon-treated Lpa cells and the sizes required for lysis of these cells. Lpa cultures incubated overnight with indicated concentrations of mouse interferon in 2 ml GM were washed and inoculated with I ml phosphate-buffered saline (PBS) containing 25/zg of each of the indicated homopolymers. After t h at 37 °C, inocula were removed and cultures were washed and incubated further with 2 ml GM. c.p.e, readings were made at 6 h post-inoculation; media were harvested for interferon at 24 h post-inoculation. Results are averages of two separate experiments. As shown in Table 2 , the ability of poly I.poly C complexes to induce interferon in primed Lpa cells was optimal in the size range from poly I12.~s.poly C13.~s to poly I~.13s.poly C5..,4s, but declined sharply below that size, becoming completely inactive at poly I2.~s.poly C308s; the size of poly I.poly C required for lysis of interferontreated cells was the same as that required for interferon induction in these cells.
Effect of altering the molecular size of either poly I or poly C on interferon induction and toxicity
Several studies using poly I and poly C molecules of various molecular sizes complexed with complementary homopolymers of a constant molecular size have shown the greater importance of maintaining a high molecular size of poly I than of poly C (Tytell et al. 197o; Carter et al. i972; Mohr et al. 1972) . We have therefore determined the effect of reducing the size of one of the homopolymers, while maintaining a high molecular size of the other strand, on the ability of the complexes to induce interferon and lyse interferon-treated cells.
As shown in Table z , the size of the poly I strand determined both interferon-induction and toxicity, while the size of the poly C strand was of no consequence to either of these effects.
Comparison of the molecular size requirements for interferon induction by poly I.poly C in primed and normal cells
Our findings that interferon-treated cells have the same molecular size requirements of poly I.poly C for induction of interferon and cytolysis (Tables I, 2) raised the question of whether the same size requirement of poly I. poly C existed for induction of interferon in normal cells and in primed cells. Indeed, primed L cells have been shown to respond to concentrations of poly I. poly C below those required to induce interferon in normal L cells (Stewart et. al. I97Ia, b I972b; De Clercq et al.; I973a) , and primed L cells can be induced by poly I.poly C in the absence of DEAE-dextran (Rosztoczy, I97~; Stewart et al. x972a) while normal (unprimed) L cells fail to respond to poly I.poly C unless DEAE-dextran is added (Dianzani et al. 2968; Youngner & Hallum, ~969; Falcoff, Falcoff & Catinot, I97O; Rosztoczy & Mecs, I97o; Stewart et al. I97rb) . These findings suggest that possibly primed cells are able to respond to smaller molecular sizes of poly I. poly C than are required for induction in normal cells.
We have therefore compared the threshold poly I.poly C sizes required to induce interferon in normal Lpa cells and in primed Lpa cells. Cultures were induced with the various sized poly I.poly C complexes in Ioo/zg of DEAE-dextran/ml, so that the unprimed cells would also produce interferon. Lpa cultures incubated overnight with ~oo units of mouse interferon/ml in 2 ml GM were washed and inoculated with I ml PBS containing 5 #g of each of the indicated homopolymers and ~ oo #g of DEAE-dextran. After I h at 37 °C, inocula were removed and cultures were incubated further with 2 ml GM, which was harvested for interferon at 24 h post-inoculation. As shown in Table 3 , the threshold size ofpoly I. poly C in the presence of DEAE-dextran for interferon production was the same for both primed and unprimed Lpa cells, and this threshold size was the same as that found for primed Lpa cells in the absence of DEAE-dextran (Table I) . Also, as was seen in primed cells in the absence of DEAE-dextran (Table ~) the molecular size requirement was found to reside in the poly I strand rather than in the poly C strand (Table 3) -However, it could still be argued that, since interferon priming and DEAE-dextran both make L cells more responsive to poly I .poly C (albeit by different mechanisms), the threshold size of poly I.poly C alone required to induce interferon in normal cells might be different from that required by primed cells or cells exposed to DEAE-dextran. Therefore we have also compared the molecular size requirement of poly I.poly C for interferon induction in normal and primed rabbit kidney cells, which produce significant amounts of interferon in response to poly I.poly C in the absence of DEAE-dextran. PRK cultures were incubated overnight with ~oo units of rabbit interferon/ml in 2 ml GM and then washed and inoculated with I ml PBS containing 5 E~g of each of the indicated homopolymers. After ~ h at 37 °C, inocular were removed and cultures washed and incubated further with 4 ml GM, which was harvested for interferon at a4 h post-inoculation. As shown in Table 4 , these cells also have the same poly I. poly C size requirements for interferon induction, whether primed or unprimed. The ability of poly I. poly C complexes to induce interferon in primed and normal cells decreased in parallel with the molecular sizes of the complexes. Again, as was found in L cells (Tables 2, 3) , the maintenance of poly I strand size was critical, while the poly C strand size was of no consequence (Table 4) . DISCUSSION Previous reports from our laboratories have suggested that the enhanced susceptibility of interferon-treated cells to toxic materials is specific for double-stranded ribonucleic acids and that the relative toxicity of the molecules relates to their potentials as interferon inducers in both normal and primed cells (Stewart et al. I972a, c, I973 a, b) . This interpretation is substantiated by the data presented in this report showing that the molecular size requirements for interferon induction and lytic activity are identical. This relationship tempts the speculation that determining relative toxicities of double-stranded ribonucleic acids for interferon-treated cells might provide a useful and rapid assay system for determining the relative interferon-inducing activities of such polymers.
While our data show that alterations of the molecular sizes of either poly I or poly C, or both, did not result in any uncoupling of the toxic and interferon-inducing properties of poly I .poly C in interferon-treated L cells, Lampson et aI. 0972) have reported a decreased in vivo toxicity without a concomitant decrease in antiviral activity of poly I. poly C preparations in which the molecular size of poly C had been reduced. These data may not necessarily be in conflict with ours; it is conceivable that, in the animal, complexes of poly I of high molecular size with poly C of low molecular size are inactivated (e.g. by degradation by serum nucleases) before they have been able to initiate the process(es) that leads to toxicity but after they have triggered the interferon production process.
The finding that the molecular size of the poly I strand is more important than the size of the poly C strand for both interferon-induction and toxicity is in good agreement with the finding of Tytell et al. 097o), who showed that the poly C strand could be reduced to as little as 3 S (7 ° residues) and retain complete interferon-inducing activity when paired with poly I of sufficiently high molecular size; however, interferon-inducing activity was markedly reduced when poly I was reduced to 24o residues, whether complexed with high or low mol. wt. poty C. The differential importance of the mol. wt. of these components have now been extended to interferon induction in interferon-primed cells as well as to toxicity of the double-stranded RNA complexes in these primed cells. That poly I is more important than poly C in the interferon induction process by poly I.poly C has also been concluded from studies in which the constituent homopolymers were added sequentially to cell cultures (poly I followed by poly C or vice versa: De Clercq, Stewart & De Somer, I973b).
The finding that primed cells and normal cells have the ability to recognize the same molecular sizes of double-stranded ribonucleic acids suggests that the difference in responsiveness to double-stranded ribonucleic acids is quantitative, not qualitative and, therefore, that the structural requirements for interferon induction (i.e. the interferon inducing molecule) are the same for primed and normal cells.
We wish to thank Frieda De Meyer, Anita Van Lierde and Willy Zeegers for skilled technical assistance.
This work was aided by Grant DRG-I2I 9 from the Damon Runyon Memorial Fund for Cancer Research, Inc., Grant 3Io from the Jane Coffin Childs Memorial Fund for Medical Research, and Grant 2o. 17o from the Belgian 'Fonds voor Geneeskundig Wetenschappelijk Onderzoek'.
